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(57) A flexible printed board, in which a polyimide resulting from the imidation of a polyamic acid obtained by the 
addition polymerization of diamines and acid dianhydrides is formed as an insulating layer on a metal tail, is character- 
ized in that the diamines include specific imidazolyl-diaminoazines represented by the formula 1 ; 
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(where A is an imidazolyl group;R 1 is an alkylene group; m is 0 or 1 ; R 2 is an alkyl group; n is 0, 1 , or 2; R 3 and R 4 are 
alkylene groups; p and q are each 0 or 1 ; and B is an azine residue, diazine residue, or triazine residue). 
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Description 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 

[0001] The present invention relates to a flexible printed board provided with a rust- resistant polyimide insulating 
layer. It also relates to a novel polyamic acid that yields a rust-inhibiting polyimide as a result of an imidation treatment. 

w 2. Related Art of the Invenrton 

[0002] Flexible printed boards in which polyimide insulating layers are formed directly on metal foil such as copper 
foil without an interposed adhesive are fabricated by methods in which polyamic acid varnishes obtained by the addition 
polymerization of aromatic diamines (such as paraphenyl en edi amine) and aromatic dianhydrides (such as pyromellitic 
15 dianhydride) in solvents such as A/-methyl-2-pyrroiidone are applied to the copper foil and dried to yield a polyamic acid 
layer (polyimide precursor layer), and the product is heated and imidated at 300 to 350°C to form a polyimide insulating 
layer. 

[0003] Such polyamic acids are also used as starting materials for moldings, films, insulating varnishes, adhesives, 
and the like. 

20 [0004] The presence of carboxyl groups in the polyamic acids is disadvantageous in that when cooper foil is coated 
with polyamic acid varnishes in the manner described above, the copper foil surfaces are corroded and discolored, and 
copper ions are produced, causing electrical migration in the flexible printed boards. 

[0005] Imidazole-based rust-inhbitors (for example, Adekastub CDA-1, manufactured by Asahi Denka) are com- 
monly added to the polyamic acid varnishes used in the manufacture of flexible printed boards. 
25 [0006] Conventionally used rust- inhibitors are disadvantageous, however, in that they dissolve poorly in polyamic 
acid varnishes, create excessive blooming on the polyimide surface when heated to a high temperature during imida- 
tion, and reduce the adhesive strength of polyimides in relation to copper foil. In addition, the rust- inhibitors are scat- 
tered during imidation, forming a resinous substance that deposits on the imidation equipment or flexible printed board 
products and contaminates them. 



30 



50 



SUMMARY OF THE INVENTION 



[0007] An object of the present invention, which was perfected in order to overcome the above-d escribed shortcom- 
ings of prior art, is to provide a flexible printed board whose polyimide insulating layer has adequate adhesive strength 
35 with respect to copper foil and is free of the problems associated with electrical migration even in the absence of rust- 
inhibitors such as those promoting blooming and resinous substance formation during the imidation of polyamic acids. 
[0008] Another object of the present invention is to provide novel polyamic acids which are as precursors of such 
polyimides. 

[0009] The inventors perfected the present invention upon discovering that the stated objects can be attained by 
40 using specific imidazolyKliaminoazines as the diamine components of polyamic acids, introducing azine structures into 
the main chains of the polyamic acids, and introducing imidazole rings into the side chains thereof. 
[001 0] Specifically, the present invention provides a flexible printed board in which a polyimide resulting from the 
imidation of a polyamic acid obtained by the addition polymerization of diamines and acid dianhydrides is formed as an 
insulating layer on a metal foil, wherein this flexible printed board is characterized in that the diamines include imida- 
45 zolyl-diaminoazines represented by the formula 1 ; 




(1) 



55 (where A is an imidazolyl group represented by the formula 1a. 1b, or 1c; 



2 



EP 1 014 765 A2 




10 



(lb) 



( R 2 ) 



15 



20 




(1 C) 



25 



30 



R 1 is an alkylene group; m is 0 or 1; R 2 is an alkyl group; n is 0, 1, or 2; R 3 and R 4 are alkylene groups; p and q are 
each 0 or 1; and B is an azine residue, diazine residue, or triazine residue). 

[0011] The present invention also provides a novel polyamic acid, obtained by the addition polymerization of 
diamines and acid dianhydrides, wherein said polyamic acid is characterized in that the diamines include imidazolyl- 
diaminotriazines represented by the formula 10; 




(10) 



(where A is an imidazolyl group represented by the formula 1a, 1b, or 1c 
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(1 c) 



Ft 1 is an alkylene group; m is 0 or 1 ; R 2 is an alkyl group; n is 0, 1 , or 2; R 3 and R 4 are alkylene groups; and p and q 
are each 0 or 1). 

[0012] These and other objects, features and advantages of the present invention are described in or will become 
apparent from the following detailed description of the invention. 

DETAILED EXPLANATION OF THE INVENTION 

[001 3] The flexible printed board of the present invention will now be described in detail. 
[001 4] The flexible printed board is configured by forming an insulating layer composed of a polyimide on metal foil 
A compound resulting from the imidation of a polyamic acid obtained by the addition polymerization of diamines and an 
acid dianhydride may be used as such a polyimide. Here, the addition polymerization and imidation conditions can be 
appropriately established on the basis of conditions conventionally employed for the addition polymerization and imida- 
tion of polyamic acids. 

[0015] In the flexible printed board of the present invention, imidazolyl-diaminoazines represented at least by the 
formula 1 may be used as such diamines. 

[0016] Here, when m is 0, there are no alkylene groups R 1 , and the imidazole ring and azine, diazine, or triazine 
residue are directly bonded. Methylene, ethylene, and propylene can be cited as examples of the alkylene groups R 1 
when m is 1 . 

[001 7] When n is 0, there are no alkyl groups R 2 , and a hydrogen atom is bonded to the imidazole ring. Methyl and 
ethyl can be crted as examples of the alkyl groups R 2 when n is 1 . When n is 2, two R 2 groups are bonded to the imi- 
dazole ring, and methyl and ethyl may be independently cited as examples of each type of alkyl group R 2 . R 2 may occa- 
sionally be directly bonded to a nitrogen atom of the imidazole ring. 

[001 8] When p is 0, there are no alkylene groups R 3 , and the amino group is bonded directly to the azine. diazine, 
or triazine residue. Methylene and ethylene can be cited as examples of the alkylene groups R 3 when p is 1 . 
[001 9] When q is 0, there are no alkylene groups R 4 , and the amino group is bonded directly to the azine, diazine, 
or triazine residue. Methylene and ethylene can be cited as examples of the alkylene groups R 4 when q is 1 
[0020] B is an azine. diazine. or triazine residue. Of diamines having these residues, diamines having a triazine res- 
idue are preferred because of their ease of synthesis and ready commercial availability. 

[0021 ] The polyimides resulting from the imidation of polyamic acids obtained by the addition polymerization of acid 
dianhydrides and diamines of the formula 1 contain imido units represented by the formula 2 below; 
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(where A is an imidazolyl group represented by the formula 1a, 1b, or 1c in the same manner as above; 
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(1 a) 



(1 b) 



(1 c) 



40 

where R 1 , R 2 , R 3 , R 4 , m, n, p, q, and B are the same as above, and D is an acid dianhydride residue). 
[0022] The polymer itself is resistant to rust because the polyimide containing such imido units contains imidazole 
residues having a rust-inhibiting effect in the side chains thereof. Forming an insulating layer from a polyimide contain- 
ing such imido units will therefore yield a flexible printed board whose polyimide insulating layer has adequate adhesive 
45 strength with respect to copper foil and is free of the problems associated with electrical migration even in the absence 
of rust-inhibitors such as those promoting blooming and resinous substance formation during the imidation of polyamic 
acids. 

[0023] Setting the coefficient of linear thermal expansion of the polyimide used in the present invention at or slightly 
above the coefficient of linear thermal expansion of the metal foil used is preferred in terms of preventing the flexible 
so printed board (and a wiring board fabricated therefrom) from undergoing excessive curling (or a convexity from being 
formed on the polyimide side due to curling). The coefficient of linear thermal expansion of the polyimide can be 
adjusted by combining diamines and acid dianhydrides. as disclosed in Japanese Patent Application Laid-open No. 
SHO60-1 57286 and elsewhere. 

[0024] In the polyimide containing imidazolyl -diaminoazines of the formula 1 in accordance with the present inven- 
55 tion, the elongation of the contained polyimide decreases and the material becomes brittle or less heat-resistant with 
increased amount of imidazolyl-diaminoazines, but the joint use of other diamines endows the polyimide with a film 
strength that allows the material to be used for flexible printed boards. 

[0025] The addition weight of the diamines and acid dianhydrides may be shifted toward excess diamines or excess 
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acid dianhydrides, although an equimolar ratio is preferred. 

[0026] The following compounds (for which p and q are both 0) can be cited as specific examples of the preferred 
imidazolyl-diaminoazines of the formula 1 . 

[0027] 2,4-diamino-6-[2-(2-methyl-1-imidazoryl)ethy1]-s-triazine, 2.4-diamino-6-[2-(2-ethyl-1 -imidazolyl)ethyl]-s-tri- 
5 azine, 2,4^iamirx>^-[1-(2-urxlecyl-1-imidazolyl)ethyl]-s-triazine [ 2,4<liamino-€-[2-(2-imidazolyl)ethyl]-s-triazine, 2,4- 
diamino-6-[2-(l-imidazolyl)ethyl]-s-triazine, 2,4-diamino-6-(2-ethyl-4-imida2olyl)-s-triazine, 2,4-diamino-6-[2-(4-methyl- 
1-imidazoly1)ethyl]-s-triazine, 2,4-diamino-6-(2-ethyl-5-methyl-4-imida2olyl)-s-triazine 1 2,4-diamino-€-(4-ethyl-2-methyi- 
1 -imidazolyO-s-triazine, 2,4-diamino-6-[3-(2-methyl-1-imidazolyl)propy13-s-tria2ine, 2,4-diamino-6-[4-(2-imida- 
2oly1)butyi]-s-triazine. 2,4-diamino-6-[2-(2-methyl-1 -imidazolyl)propyl]-s-tria2ine, 2,4-diamino-6-[1 -methyl -2-(2-methyl- 
10 1 -imidazoly1)ethyl]-s-triazine, 2,4<liamino-6-[2-(2.5-dimethyl-1 -imidazolyl)ethyf]-s-triazine, 2,4<Jiamino-€-[2-(2 1 4-dime- 
thyl-i -imidazolyl)ethyl]-s-triazine, or 2,4-diamino-6-[2-(2-ethyl-4-methyl-1 -imidazcdyljethyrj-s-triazine. 
[0028] Of these, the following compounds are preferred: 2,4-diamino-6-[2-(2-ethyl-4-methyl-1-imida20lyl)ethyn-s- 
triazine, 2,4-diamino-6-[2-(2-methyl-l-imidazotyl)ethyl]-s-triazine I or 2,4-diamino-6-[1-<2-undecyl-l-imidazoryi)ethyl]-s- 
triazine. 

15 [0029] In the flexible printed board of the present invention, compounds used as the diamine components of con- 
ventional polyamic acids may be used jointly in addition to the imidazolyl-diaminoazines of the formula 1 For example, 
aromatic diamines selected from 4,4'^iaminodiphenyl ether, paraphenylenediamine, 4,4'-diaminobenzanilide P 4,4'- 
bis(p-aminophenoxy)diphenyl sulfone, and 2,2-bis[4-(4-aminophenoxy)phenyl]propane may be used as the com- 
pounds preferred for such joint use. 

20 [0030] Of these aromatic diamines, paraphenylenediamine is preferred for such joint use when the aim is to reduce 
the thermal expansion of the polyimide. In addition, 4,4-diaminodiphenyl ether is preferred for such joint use when the 
aim is to enhance the thermal expansion of the polyimide. 

[0031] The molar ratio of the imidazolyl-diaminoazines of the formula 1 and the aforementioned aromatic diamines 
should preferably be 2/98 to 1 0/90 because an excessively low content of the first component fails to provide the result- 

25 ing polyimide with an adequate rust-inhibiting effect and tends to initiate electrical migration, whereas the mechanical 
strength or the heat resistance of the polyimide decreases as the content of the first component increases. 
[0032] Compounds used as conventional polyamic acid dianhydrides may be used as the acid dianhydrides (corre- 
sponding to the acid dianhydride residue D in formula 2) constituting the insulating layer polyimide in the flexible printed 
board of the present invention. For example, aromatic dianhydrides selected from the following compounds are pre- 

30 ferred for such use: pyromellrtic dianhydride (PMDA), SAS^'-biphenyltetracarboxylic dianhydride (BPDA), 3 ( 4,3',4'- 
benzophenonetetracarboxylic dianhydride (BTDA), or 3,4,3\4'<iiphenylsulfonetetracartx>xylic dianhydride (DSD A). 
[0033] The thickness of a polyimide insulating layer such as that described above is not subject to any particular 
limitations and is usually 10 to 50 |im. 

[0034] Various types of metal foil may be used for the flexible printed board of the present invention. Preferred 
35 examples include aluminum foil, copper foil, and gold foil. These metal foils may also be appropriately matted, plated, 
or treated with aluminum alcoholates, aluminum chelates, silane coupling agents, or the like. 
[0035] Trie thickness of the metal foil is not limited in any particular way and is commonly 5 to 35 um 
[0036] The flexible printed board of the present invention may be manufactured as described below. 
[0037] First, imidazolyl-diaminoazines of the formula 1 and aromatic diamines, which are used jointly as needed, 
40 are heated and dissolved in a solvent (for example, N-methyl-2-pyrrolidone), and addition polymerization is performed 
for several hours while an acid dianhydride is slowly added at 0 to 90°C, and preferably 5 to 50°C, in an atmosphere of 
nitrogen gas or another inert gas. A polyamic acid dissolved in a solvent is thus obtained. The dissolved polyamic acid 
can be used as a polyamic acid varnish in this state without undergoing further treatments. The type of solvent used for 
the varnish, the amount thereof, the viscosity of the varnish, the solids content thereof, and the like can be selected 
45 appropriately. 

[0038] This polyamic acid vanish is subsequently applied to the metal foil with a comma coater or the like and dried, 
yielding a polyamic acid layer as a polyimide precursor layer. To prevent foaming during the subsequent imidation step, 
the drying should preferably be performed such that the residual volatile content (content of undried solvent and of 
water generated by imidation) of the polyamic add layer is 50% or lower. 
so [0039] The resulting polyantic acid layer is heated to 300 to 350°C in an inert atmosphere (for example, nitrogen 
atmosphere) to achieve imidation and to form an insulating layer composed of a polyimide A flexible printed board is 
thus obtained 

[0040] In the flexible printed board thus obtained, the surface of the copper f°'' ° r o^ er metal t 0 ' 1 (polyimide-forma- 
tion surface) remains free from corrosion or discoloration even when no rust-inhibitor is added to the polyamic acid var- 
55 nish. In adoption, the flexible printed boards used as wiring substrates are devoid of the electrical migration commonly 
induced by copper ions. It is also possible to prevent situations in which rust-inhibitors create blooming on the polyimide 
surface or in which resinous substances form during imidation, and to achieve adequate adhesive strength between the 
copper foil and the polyimide layer. 
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[0041 ] Next, The novel polyamic acid of the present invention will now be described in detail. 
[0042] The novel polyamic acid is a polyamic acid obtained by the addition polymerization of diamines and acid 
dianhydrides. In the present invention, imidazolyl-diaminotriazines represented at least by the formula 10 may be used 
as such diamines. In the formula 10, A, R 1 , R 2 , R 3 . R 4 , m, n, p, q and B are the same as defined in the Formula 1 . 
5 [0043] Specific examples of the preferred imidazolyl-diaminotriazines of the formula 1 0 are the same as the specific 
examples of the preferred imidazolyl-diaminoazines of the formula 1 

[0044] Compounds used as the diamine components of conventional polyamic acids may be used jointly in addition 
to the imidazolyl-diaminotriazines of the formula 10, which are used as the diamine components of the polyamic acid of 
the present invention. For example, aromatic diamines selected from 4,4'-diaminodiphenyl ether, paraphenylenedi- 
w amine, 4,4'<Jiaminobenzanilide, 4,4'-bis(p-aminophenoxy)diphenyl sulfone, and 2,2-bis[4-(4-aminophenoxy)phe- 
nyl]propane may be used as the compounds preferred for such joint use. 

[0045] Of these aromatic diamines, paraph enylenediamine is preferred for such joint use when the aim is to reduce 
the thermal expansion and to improve the heat resistance of the polyimide. In addition, 4,4 -diaminodiphenyl ether is 
preferred for such joint use when the aim is to enhance the thermal expansion and to improve the film-forming proper- 
15 ties of the polyimide. 

[0046] The molar ratio of the imidazolyl-diaminotriazines of the formula 10 and the aforementioned aromatic 
diamines should preferably be 2/98 to 10/90 because an excessively low content of the first component fails to provide 
the resulting polyimide with an adequate rust-inhibiting effect and tends to initiate electrical migration, whereas the heat 
resistance of the polyimide decreases as the content of the first component increases. 

20 [0047] Compounds used as conventional polyamic acid dianhydrides may be used as the acid dianhydrides for the 
polyamic acid of the present invention. For example, aromatic dianhydrides selected from the following compounds are 
preferred for such use: pyromellitic dianhydride (PMDA), 3,4,3',4'-biphenyltetracarboxytic dianhydride (BPDA), 3,4,3\4'- 
benzophenonetetracarboxylic dianhydride (BTDA), or SAS^'-diphenylsulfonetetracarboxylic dianhydride (DSDA). 
[0048] The polyamic acid of the present invention is obtained in the form of a polyamic acid dissolved in a solvent 

25 by a method in which imidazolyl-diaminotriazines of the formula 10 and an aromatic diamine, which is used jointly as 
needed, are heated and dissolved in a solvent (for example. A/-methyl-2-pyrrolidone), and addition polymerization is 
performed for several hours while an acid dianhydride is slowly added at 0 to 90°C, and preferably 5 to 50°C. in an 
atmosphere of nitrogen gas or another inert gas. The dissolved polyamic acid can be used as a polyamic acid varnish 
in this form without undergoing further treatments. Such a varnish is useful as a coating solution for forming the poly- 

30 imkJe insulating layers of flexible wiring boards. The type of solvent used for the varnish, the amount thereof, the viscos- 
ity of the varnish, the solids content thereof, and the like can be appropriately selected in accordance with the intended 
application or the like. 

[0049] The polyamic acid of the present invention can be used to advantage in toning the polyimide insulating lay- 
ers of flexible wiring boards. It is possible, for example, to obtain two-layer flexible wiring boards by a method in which 

35 copper foil is coated with a polyamic acid varnish containing the polyamic acid of the present invention, the coated foil 
is dried to form a polyamic acid layer, and this layer is imidated to form a polyimide layer. In the flexible wiring boards 
thus obtained, the surface of the copper foil (polyimide-formation surface) remains free from corrosion or discoloration 
even when no rust-inhibitor is added to the polyamic acid varnish. In addition, flexible wiring boards used as wiring sub- 
strates are devoid of the electrical migration commonly induced by copper ions. Furthermore, an absence of purpose- 

40 fully added rust-inhibitors prevents situations in which these rust- inhibitors create blooming on the polyimide surface or 
in which resinous substances form during imidation, and ensures that adequate adhesive strength develops between 
the copper foil and the polyimide layers. 

EXAMPLES 

45 

[0050] The present invention will now be described in detail. 

[0051] Working Examples 1 to 9; Comparative Examples 1 and 2 2,4-Diamirx>-6-[2-(2-ethyl-4-methyl-1-imida- 
zoly1)ethyf]-s-triazine (2E4MZ, manufactured by Shikoku Corp.), paraph enylenediamine (PDA, manufactured by Oshin 
Kasei), and 4,4^diaminodiphenyl ether (DPE, manufactured by Wakayama Seika), used in amounts of 11.6 g (0.05 

so mol), 81.1 g (0.75 mol), and 40.0 g (0.20 mol), respectively, were dissolved in about 3 kg of the solvent A/-methyl-2-pyr- 
rotidone (NMR manufactured by Mitsubishi Chemical) under a nitrogen gas atmosphere in a jacketed 5-L reaction ket- 
tle, and the solution was kept at 50°C A reaction was then allowed to occur for 3 hours under the gradual addition of 
294.2 g (1.0 mol) S^.S'^'-biphenyltetracarboxylic dianhydride (BPDA, manufactured by Mitsubishi Chemical). A 
polyamic acid varnish containing the polyamic acid of Working Example 1 and having a solids content of about 14% and 

55 a viscosity of 15 Pa • S (25*C) was thus obtained. This varnish was applied to a copper foil and dried at 100°C or lower 
(which is a temperature below the imidation temperature), yielding a polyamic acid film with a thickness of about 5 jim. 
The IR absorption spectrum of this film was measured by a surface reflection technique (ATR technique). As a result, 
broad characteristic absorption attributable to polyamic acids was detected at 1 71 0 cm" 1 (COOH), 1660 cm 1 (CONH), 
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and 2900 to 3200 cm 1 (COOH, NHg). 

[0052] Polyamic acid varnishes of Workign Examples 2 to 9 and Comparative Examples 1 and 2 were obtained by 
repeating the same procedures as in Working Example 1 in accordance with the mixing compositions of Table 1 
[0053] The compounds used in Table 1 were as follows. 

(Acid Dianhydrides) 

[0054] 

BPDA: 3 A3',4'-Biphenyttetja«irboxylic dianhydride 
PMDA: Pyromellitic dianhydride 

(Diamines) 

[0055] 

2E4MZ: 2,4-Diamino-6-[2-(2-ethyl-4-methyl-1 -imidazo!yl)ethyr]-s-triazine 
2MZ: 2,4-Diamino-6-[2-(2-methyl-1 -imidazolyl)ethyi]-s-triazine 
C1 1Z 2,4-Diamir»o-6-[2-(2-undecyl-1 -imidazolyl)ethyl]-s-triazine 
PDA: Paraphenylenediamine 
DPE: 4,4'-Diaminodiphenyl ether 



Table 1 



Examples 


Acid dianhydride 


Diamines 


Molar ratio 






(a) 


(b) 


(C) 


(a)/(b)/(c) 


Working Example 












1 


BPDA 


2E4MZ 


PDA 


DPE 


5/75/20 


2 


BPDA 


2E4MZ 


PDA 


DPE 


7.5/75/17.5 


3 


BPDA 


2E4MZ 


PDA 


DPE 


10/75/15 


4 


BPDA 


2E4MZ 


PDA 


DPE 


2/78/20 


5 


BPDA 


2MZ 


PDA 


DPE 


5/75/20 


6 


BPDA 


C11Z 


PDA 


DPE 


5/75/20 


7 


BPDA 


2E4MZ 


DPE 




5/95/- 


8 


BPDA 


2E4MZ 


PDA 


DPE 


12.5/75/12.5 


9 


PMDA 


2E4MZ 


PDA 


DPE 


5/75/20 


Comparative Example 












1 


BPDA 




PDA 


DPE 


-/80/20 


2 


PMDA 






DPE 


-/-/100 



[0056] Copper foil (12^im electrolytic foil SQ-VLP manufactured by Mitsui Kinzoku) that had been soft-etched with 
2% hydrocNoric acid was subsequently coated with the polyamic add varnishes of Working Examples 1 through 9 and 
Comparative Examples 1 and 2 and dried, yielding polyamic acid layers with a thickness of 10 \im. The resulting lami- 
nates were placed in 40°C, 90% atmosphere, and the discoloration of the copper foil surface was visually checked The 
results (rust-inhibiting effects) are shown in Table 2 

[0057] Flexible printed boards were subsequently fabricated using the same polyamic acid varnishes and a copper 
foil as above. The copper foil was coated with the polyamic acid varnishes and dried to form polyamic acid layers with 
a thickness of 25 urn, and the layers were imidated by being kept for 15 minutes at 350°C in a nitrogen atmosphere. 
[0058] The copper foil of the resulting flexible printed boards was patterned to form parallel circuits with a conductor 
interval of 0. 1 mm. yielding wring boards. The wiring boards were allowed to stand for 7 days in a 85°C/90% Rh atmos- 
phere while a direct-current voltage of 50 V was applied between adjacent conductor patterns. The resistance between 
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the adjacent conductor patterns was measured following standing, and electrical migration was also measured. A 
resistance of 1 0 7 £i or higher was considered acceptable. 

[0059] The peel strength (kg/cm) of the polyimide layers of the flexible printed boards was also measured as adhe- 
sive strength at 23°C and 260°C according to J IS C 6471 (peeling in a 90-degree direction at a width of 1 .59 mm). 



Table 2 



Examples 


Rust-inhibiting effect 
(discoloration) 


Electrical migration 


Adhesive strength (kg/cm) 








23°C 


260°C 


Working Example 










1 


None 


Pass 


1 on 

1 .oU 


1 

I oo 


2 


None 


Pass 


1.62 


1.50 


3 


None 


Pass 


1.67 


090 


4 


None 


Pass 


1.48 


1.05 


5 


None 


Pass 


2.06 


1.68 


6 


None 


Pass 


1.34 


1.00 


7 


None 


Pass 


2.18 


1.55 


8 


None 


Pass 


1.45 


0.75 


9 


None 


Pass 


1.75 


1 30 


Comparative Example 










1 


Rapid discoloration 


Fail (shorting) 


1.05 


0.63 


2 


Rapid discoloration 


Fail (shorting) 


1.25 


0.20 



[0060] The results in Table 2 demonstrate that the flexible printed boards of the present invention, which have poly- 
imide insulating layers formed from the polyamic acid varnishes which contain the the polyamic acids in which specific 
imidazolyl-diaminoazines are used as the diamine components, exhibits an excellent rust-inhibiting effect without any 
35 special need to use rust- inhibitors. It can also be seen that there is no electrical migration and that excellent adhesive 
strength is achieved between the polyimide insulating layer and copper foil. 

[0061 ] By contrast, the flexible printed boards of Comparative Examples 1 and 2, which were obtained without the 
use of specific imidazolyl-diaminoazines as diamine components, failed to demonstrate a rust-inhibiting effect, under- 
went electrical migration, and had inadequate adhesive strength between the polyimide insulating layer and copper foil. 

40 [0062] As understood from the above, in the flexible printed boards of the present invention, the polyimide insulating 
layer, which is formed from the polyamic acids using the specific imidazolyl-diaminoazines (for examples, the polyamic 
acids of the present invention), has adequate adhesive strength with respect to copper foil and is free of the problems 
associated with electrical migration even in the absence of rust- inhibitors such as those promoting blooming and resin- 
ous substance formation during the imidation of conventional polyamic acids. 

45 [0063] The entire disclosures of the specifications, claims and summaries of Japanese Patent applications No. 10- 
363345 filed on December 21 , 1998 and No. 1 1 -13654 filed on January 21 , 1999 are herein incorporated by reference. 
[0064] A flexible printed board, in which a polyimide resulting from the imidation of a polyamic acid obtained by the 
addition polymerization of diamines and acid dianhydrides is formed as an insulating layer on a metal foil, is character- 
ized in that the diamines include specific imidazolyl-diaminoazines represented by the formula 1 ; 
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(where A is an imidazolyl group;R 1 is an alkyiene group; m is 0 or 1 ; R 2 is an alkyl group; n is 0, 1 , or 2; R 3 and R 4 are 
alkylene groups; p and q are each 0 or1 ; and B is an azine residue, diazine residue, or triazine residue). 

Claims 

1 A flexible printed board, in which a polyimide resulting from the imidation of a poiyamic acid obtained by the addition 
polymerization of diamines and acid dianhydrides is formed as an insulating layer on a metal foil, wherein said flex- 
ible printed board is characterized in that the diamines include imidazolyl-diaminoazines represented by the for- 
mula 1 ; 



10 



15 



H 2 N- 



r 4 y 



R ) A 

m 



(1) 



20 



25 



(where A is an imidazolyl group represented by the formula 1a, 1b. or 1 c; 



N- 

< 



■4 R 2 ) 



(1 a) 




45 R 1 is an alkylene group; m is 0 or 1 ; R 2 is an alkyl group; n is 0, 1 , or 2; R 3 and R 4 are alkylene groups; p and q 

are each 0 or 1 ; and B is an azine residue, diazine residue, or triazine residue). 

2. A flexible printed board as defined in to Claim 1 , wherein the polyimide contains imido units represented by the for- 
mula 2; 
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w 




(2) 



is (where A is an imidazolyl group represented by the formula 1a, 1b, or 1c; 



20 




25 



(lb) 



30 



( R-> 



35 




(1 C) 



40 R 1 is an alkylene group; m is 0 or 1 ; R 2 is an alkyl group; n is 0, 1 , or 2; R 3 and R 4 are alkylene groups; p and q 

are each 0 or 1 ; B is an azine residue, diazine residue, or triazine residue; and D is an acid dianhydrkJe residue). 

3. A flexible printed board as defined in Claim 1 , wherein B is a triazine residue. 



45 4. A flexible printed board as defined in Claim 1 , wherein the imidazolyl-diarninoazines of the formula 1 include 2,4- 
diamino-6-[2-(2-methyl-1 -imidazolyl) ethyl] -s-triazine, 2,4-diamino-6-[2-(2-ethyl-1 -imidazolyl) ethyl]-s-triazine, 2,4- 
diamino-6-[1 -(2-undecyl-1 -imidazolyl)ethyI]-s -triazine, 2,4-diamino-6-[2-(2-imidazolyl)ethy!]-s-triazine, 2,4- 
diamino-6-[2-(1-imidazolyl)ethyl]-s-triazine, 2,4-diamino-6-(2-ethyl-4-imidazoiyl)-s-triazine, 2,4-diamino^-[2-(4- 
methyl- 1 -imtdazolyl)ethyl]-s-triazine, 2, 4-diamino-6- (2 -ethyl-5-m ethyl -4-i midazolyl) -s-triazine, 2,4-diamino-6-(4- 

so ethyl-2-methyl-1 -imidazolyl) -s-triazine, 2,4-diamino-6-[3-(2-methyl-1 -imidazolyl)propy1]-s-triazine, 2,4-diamino-6- 
[4-(2-imidazolyl)butyl]-s-tria2ine, 2 , 4 -diamino-6-[2 -(2 -methyl- 1 -imidazolyl) propyl] -s- triazine, 2,4-diamino-6-[1 - 
methyl-2-(2 -methyl- 1 -imidazolyl) ethyl]-s-triazine, 2,4-diamino-6-[2-(2 5-dimethyl-1-imidazotyl)ethyrj-s-triazine. 2.4- 
diamino-6-[2-(2,4-dimethyl-1 -i midazolyl) ethyf] -s-triazine. or 2,4-diamino-6-[2-(2-ethyl-4-methyl-1 -imidazolyl)ethyG- 
s -triazine. 

5. A flexible printed board as defined in Claim 1 , wherein the diamines further include aromatic diamines selected 
from 4,4'-diaminodiphenyl ether, paraphenylenediamine. 4.4 -diaminobenzanilide, 4,4 -bis(p-aminophenoxy)diphe- 
nyl suHone, and 2,2-bis[4-(4-aminophenoxy)phenyl]propane. 
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A flexible printed board as defined in Claim 5, wherein the imidazolyl-diaminoazine/aromatic diamine molar ratio is 
2/98 to 10/90. 

A flexible printed board as defined in Claim 1 , wherein the acid dianhydrtdes include an aromatic dianhydride 
selected from pyromellrtic dianhydride, 3,4,3,4-biphenyttetracarboxylic dianhydride, 3,4,3\4'-benzophenonetet- 
racarboxylic dianhydride, or 3,4.3 ,4 -diphenylsurfonetetracarboxylic dianhydrtde. 

A polyamic acid, obtained by the addition polymerization of diamines and acid dianhydrides, wherein said polyamic 
acid is characterized in that the diamines indude imidazdyl-diaminotriazines represented by the formula 10; 




(1 0) 



(where A is an imidazotyl group represented by the formula 1 a, 1b, or 1c 




(1 a) 



(1 b) 



(1 c) 



R 1 is an alkylene group; m is 0 or 1 ; R 2 is an alkyl group; n is 0, 1 , or 2; R 3 and R 4 are alkylene groups; and p and 
q are each 0 or 1). 

A polyamic acid as defined in Claim 8, wherein the imidazolyl-diaminotriazines of the formula 10 include 2,4- 
diamino-6-[2-(2-methyl-1-imidazolyl)ethyl]-s-triazine, 2,4-diamino-6-[2-(2-ethyl-1-imidazolyl)ethyG-s-triazine, 2,4- 
diamino-6-[1 -(2-undecyM -imidazolyi)ethyl] -s-triazine. 2,4-diamino-6-[2-(2-imida2olyl)ethyl]-s-triazine. 2,4- 
diamino-6-[2-(1 -imidazolyl)ethyl]-s-triazine, 2,4-diamino-6-(2-ethyl-4-imidazolyl)-s-triazine, 2,4-diamino-6-[2-(4- 
methyl-1 -imidazolyl) ethyl] -s-triazine, 2,4-diamino-6-(2-ethyl-5-methy1-4-imidazoly0-s-triazine, 2,4-diamino-6-(4- 
ethyl-2-methyl-1 -imidazolyl)-s-triazine, 2, 4 -di am ino-6-[3 -{2 -methy I- 1-imidazolyl) propyl] -s-triazine, 2.4-diamino-6- 
[4-(2-imidazolyl)butyl]-s-triazine, 2,4<liamino-6-[2-(2-methyl-1 -imidazolyl)propyl]-s-triazine. 2,4<Jiamino-6-[1 - 
methyl-2-(2-methyl-1 -imidazolyl)ethyl]-s-triazine, 2,4-diamino-6-[2-(2,5<limethyi-1 -irridazolyl)ethyf] -s-triazine, 2,4- 
diamino-6-[2-(2,4-dimethyt-1 -imidazolyl) ethyl] -s-triazine, or 2,4-diamino-6-[2-(2-ethyl-4-methyl-1 -imidazolyl)ethyl]- 
s-triazine 
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10. A polyamic acid as defined in Claim 8, wherein the diamines further include aromatic diamines selected from 4,4'- 
diaminodiphenyl ether, paraphenylenediamine, 4,4'<Jiaminobenzanilide, 4,4-bis(p-aminophenoxy)diphenyl sul- 
fone, and 2,2-bis[4-(4-aminophenoxy)phenyl]propane. 

1 1 . A polyamic acid as defined in Claim 10, wherein the imidazolyl-diaminotriazine/aromatic diamine molar ratio is 2/98 
to 10/90. 

1 2. A polyamic acid as defined in Claim 8, wherein the acid dianhydrides include an aromatic dianhydride selected 
from pyromellitic dianhydride, 3,4,3', 4-biphenyltetracarboxylic dianhydride, SAS^'-benzophenonetetracarboxylic 
dianhydride, or 3,4,3',4'-diphenylsulfonetetracarboxylic dianhydride. 

13. A polyamic acid varnish, obtained by dissolving a polyamic acid as defined in Claim 8 in a solvent. 

14. A polyimide, obtained by the imidation of a polyamic acid as defined in Claim 8. 
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(where A is an imidazolyl group;R 1 is an alkylene group; m is 0 or 1 ; R 2 is an alkyl group; n is 0, 1 , or 2; R 3 and R 4 are 
alkylene groups; p and q are each 0 or 1 ; and B is an azine residue, diazine residue, or triazine residue). 
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